procedure. Initially, the merging inferred from the radar observations accounts for a significant portion of the total polar cap potential drop, suggesting that a majority of the potential drop was generated within the radar field of view and must therefore be due to magnetic merging at the magnetopause. At the end of the period, however, the potential drop derived from the radar measurements is distinctly less than that derived from the AMIE procedure. At that time, however, satellite and ground magnetometer data show that a substorm was in progress, and there is substantial evidence for a strong nightside contribution to the polar cap potential drop. An additional feature that appears in this data set is that the orientation of the open/closed magnetic field separatrix with respect to magnetic latitude is well correlated to the y component of the IMF.
Introduction
One fundamental parameter required for accurate modeling of the energy flow in the coupled ionospheremagnetosphere system is the time variation of the crosspolar-cap potential drop. Indeed, one of the major goals of the boundary layer campaign of the Geospace Environment Modeling (GEM) program is to measure the rate of magnetic merging along the dayside magnetopause as a func- The operating assumptions for this approach were that the separatrix was oriented along the L shell and that the motion of the boundary could be described purely in terms of a change in magnetic latitude. The location of the separatrix was determined by the poleward boundary of the region of auroral electron precipitation.
The approach described here (section 2) has the distinct advantage in comparison with prior work that the orientation of the separatrix can be determined and the measure- In addition to the data from the Goose Bay radar, conjugate data from the Halley radar were also examined. The Polar Anglo-American Conjugate Experiment (PACE) is described in detail by Baker et al. [1989] . The purpose of the PACE experiment was to examine conjugate phenomena. Unfortunately, during the period of this GEM campaign, the backscattered signal observed by the Halley radar was weak, and it has not been possible to carry out the full analysis of the data with both radars.
Again, the day examined in this study, March 29, 1992, was one of the days chosen for the GEM boundary layer campaign, and the interval from 1200-1600 UT (corresponding to the time around MLT noon) was a period of Magnetic latitude in Plate 1 is given in the altitude adjusted corrected geomagnetic coordinate (AACGM) system, which is an updated version of the PACE geomagnetic coordinate system [Baker and Wing, 1989 ]. The software for implementing this coordinate system is publicly available, and further information on the AACGM system can The technique for obtaining the two-dimensional vectors requires data over a moderate portion of the full radar scan. In addition, the technique provides the best results when the variations in the line-of-sight velocities are smooth functions of the radar azimuth. The line-of-sight velocity data were therefore averaged over three successive scans, resulting in two-dimensional vectors determined with a temporal resolution of approximately 5 min. Although this produced excellent vectors, it necessarily led to a loss of both spatial and temporal resolution. The impact of these losses in resolution will be considered in more detail in the discussion section.
Determination of the Separatrix
The determination of the separatrix between open and closed magnetic field lines was made using a criterion based on the estimated spectral width of the Doppler power spectra . They showed that the equatorward edge of the region of large spectral widths is highly correlated with the equatorward edge of the particle precipitation region associated with the cusp Meng, 1988, 1989 Although there is a very strong correlation between the regions of high spectral width and the particle precipitation cusp, it is quite possible for an individual range gate in the radar data to either show an unusually large spectral width when normally the width would be narrow or vice versa. A complete understanding of the spectral features of the HF-radar data is not yet available, but certainly some of the anomalous spectra are due to noise from other transmitters, to extraneous backscattered power due to echoes from other ranges and other pulses. of the radar, and to significant velocity shears occurring within a range-beam cell, as illustrated by Pinnock et al. [1995] . It is beyond the scope of this paper to discuss these problems in any detail. To eliminate spurious shifts in the boundary due to these problems, the following technique was used. First, for each radar scan, the equatorward-most range gate with a spectral width greater than 150 m/s was located. Then a linear function of the magnetic latitude as a function of the magnetic longitude was fitted through the set of points. At least five points were required (i.e., a boundary point had to be determined on at least five beams of the scan). The resulting boundary could then be characterized by a simple function, giving the latitude at the center of the field of view and the orientation of the boundary with respect to the line of constant magnetic latitude.
Once these functions were determined, it was a simple matter to determine the motion of the boundary along any given radar beam. When dealing with the plasma flow across the separatrix, the location and orientation were smoothed with a running three-point (5-min) average in order to maintain consistency with the processing of the vectors. Although the fitting of the boundary points to a smooth curve has the disadvantage of eliminating any real small-scale variations of the boundary as a function of magnetic longitude, it made it possible to automate the task of calculating the plasma flow across the boundary. The implications of the loss of small-scale variations will be considered in the discussion. patterns confirmed this expectation and therefore, when it was impossible to determine a vector exactly on the boundary, the nearest vector to the boundary was used, provided that it was within 100 km of the boundary. If no vector could be determined within a 100-km circle of the boundary point, then there was a gap in the determination of the flow. Again, the errors that might be expected from this will be considered in the discussion section.
Determination of Plasma Flow Across the Separatrix

Results
As an example of one 5-min period of this study, Fig The correlations between the boundary angle and both the ratio B/B x and the angle tan-](By/Bx) were also examined, but in both cases the correlations were much lower than for either IMF component alone. On first impression, the 1.8-min lag seems quite short, given that the satellite was about 30 RE upstream of the Earth (-20 RE upstream of the magnetopause), and several minutes of delay might be expected between the solar wind observations and the ionospheric response. However, the spacecraft was also about 20 RE below the ecliptic plane. It is quite possible with this geometry for the IMF variations to encounter the magnetopause before they are observed at the IMP 8 satellite.
Once the magnetic field variations encounter the magnetopause, the ionospheric response near noon can be very rapid. Clauer and Banks [1986] 
In recent years the assimilative mapping of ionospheric electrodynamics (AMIE) technique [Richmond and
Discussion
Uncertainties and Errors
The approach adopted in this study provides the first effort at describing the reconnection electric field over an extended longitude in the ionosphere. The technique suffers from some uncertainties arising from the determination of the separatrix and the flow across it. Some assessment of these uncertainties and the underlying assumptions are discussed in this section.
The method used here requires a smooth boundary to avoid introducing errors caused simply by noise in the radar signal. Lockwood et al. [1993] have found that there are occasions when the separatrix boundary jumps equatorward with no plasma motion and then moves poleward with equal plasma flow. In the frame of reference of the separatrix, this would mean an initial burst of poleward plasma flow (and hence magnetic flux) across the separatrix, followed by a period when there was no plasma flow across the separatrix. Pinnock et al. [1995] found a case where flow bursts appeared to originate equatorward of the separatrix boundary, which maintained a relatively steady position, and the plasma convected rapidly across this stationary boundary. In the frame of reference of the boundary, these two situations are in fact quite similar. Periods of rapid flow across the boundary were followed by periods when the flow across the boundary High time resolution studies of the cusp using the Halley radar have suggested the possibility that patchy (i.e., spatially localized) merging may result in brief, narrow equatorward extensions of the separatrix boundary. In addition, their results suggest the possibility that several independent events may occur simultaneously at more than one site on the magnetopause. However that interpretation has been challenged by Lockwood and Davis [1997] who suggested that the observed signature could be the result of intermittent reconnection at a single site. In this work, the analysis technique, which utilizes the full scan information, does not require any assumption concerning the longitudinal extent of an FTE.
Temporal and Spatial Resolution of the HF-Radar Measurements
The technique used to estimate the velocity vectors ignores patches of high-speed flow that do not cover a significant segment along an L shell. Thus contributions to the polar cap potential that are generated by patches of merging whose ionospheric footprint are less than about 400 km in longitudinal extent will be missed by this analysis, and this is true no matter how long such a localized patch of merging might last. However, if a small patch of merging resulted in the separatrix moving equatorward, that effect would be observed by the radar.
Similarly, brief bursts of merging on timescales less than a single scan would only be picked up by the radar on a few beam directions, even if the burst covers a large spatial area. These brief bursts would be indistinguishable from a small patch of merging, and as in the patchy merging case, such brief bursts of merging would be missed by this analysis.
However, if a burst of merging covers more than 400 km in longitudinal extent and lasts for more than about 1 min, the 5-min average flow vectors would include the effect of the flow burst. If a relatively steady sequence of such bursts occurs with the time between bursts being less than 5 rain (the time average used here), then they would be indistinguishable from steady merging and would be considered to be quasi-steady. If such bursts are separated by more than 10 min, we would expect to see a sudden enhancement in the resulting potential drop whenever they 
Future Studies
The use of ground-based radar observations to monitor the polar cap potential would be a significant enhancement to our ability to monitor and eventually predict space weather. The technique described requires the determination of the orientation of the open/closed flux tube boundary, the motion of that boundary, and the plasma flow across the boundary. There is good agreement between the polar cap potential drops derived from the HF-radar data and the results derived using the AMIE technique on those occasions when the majority of the potential drop occurs over the 2-3 hours of MLT which lie within the radar field of view. However, since the ionospheric footprint of the merging line appears to often be of the order of 5 hours wide , the radar method often underestimates the total potential drop. The method could be considerably improved by using (1) higher time resolution data, here 5-min averages were used, which means that the effects of some FTEs might have been omitted; (2) two-dimensional vectors from the Super Dual Auroral Radar Network (SuperDARN) radars , eliminating the assumptions concerning the uniformity of the flow required for a single radar; and (3) the complete SuperDARN chain of radars, which would cover a much larger range of magnetic local times and could observe the entire merging gap for much of the time. The full SuperDARN chain would also provide important information on the contribution of nightside reconnection to the cross-polar-cap potential.
The orientation of the ionospheric footprint of the merging line with respect to a constant magnetic latitude is closely related to the y component of the IMF. The magnitudes observed are about an order of magnitude greater than predicted by Cowley et al. [1991] . The difference may be due to the effects of the DPY currents.
